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Abstract of JP2000292077 

PROBLEM TO BE SOLVED: To obtain a heat 
exchanger provided with tanks for collecting 
and distributing fluid at the opposite ends of a 
tube in which abnormal noise based on 
breakup or deformation of bubble is reduced. 
SOLUTION: A regulation pipe 17 extends from 
an inlet pipe 15 into a tank 13 and a passage 
172 in the regulation pipe 17 communicates 
with the tank 13 through many holes 171 made 
in the regulation pipe 17. When fluid flows 
through the passage 172, it flows sequentially 
into the inlet tank 1 3 through the hole 1 71 and 
since the flow rate decreases gradually toward 
the forward end side of flow A, current velocity 
of fluid decreases gradually in the passage 
172. Generation of sound wave is suppressed 
by making gentle the variation of current 
velocity thereby reducing breakup or 
deformation of bubble. 
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(57) Abstract : 

PROBLEM TO BE SOLVED: To obtain a heat exchanger provided with 
tanks 13 and 14 for collecting and distributing fluid at the 
opposite ends 151 and 161 of a tube in which abnormal noise 
based on breakup or deformation of bubble is reduced. 
SOLUTION: A regulation pipe 17 extends from an inlet pipe 15 
into a tank 13 and a passage 172 in the regulation pipe 17 
communicates with the tank 13 through many holes 171 made in 
the regulation pipe 17. When fluid flows through the passage 
172, it flows sequentially into the inlet tank 13 through the 
hole 171 and since the flow rate decreases gradually toward 
the forward end side of flow A, current velocity of fluid 
decreases gradually in the passage 172 . Generation of sound 
wave is suppressed by making gentle the variation of current 
velocity thereby reducing breakup or deformation of bubble. 

[Claim (s) ] 

[Claim 1] A heat exchanger for performing heat exchange between 
the fluid and external fluid passing through outside of the 
tubes 11, provided with tubes (11) for allowing fluid flow, 
tanks (13, 14) for collecting and distributing the fluid at 
both ends of these tubes (11) , and connection units (15, 16) 
which are connected to an external pipe for guiding the fluid, 
which are installed to these tanks (13, 14), for connecting 
the tanks (13, 14) with the external pipe, comprising: a 
cylindrical rate-of- flow adjusting pipe (17 to 19, 30) extended 
from the connection units (15, 16) to the tanks (13, 14) , wherein 



the rate-of-flow adjusting pipe (17 to 19, 30) includes holes 
(171, 181, 191, 304) that are arranged in accordance with a 
direction of fluid, passage in the rate-of-flow adjusting pipe 
(17 to 19, 30) , and connect the tanks (13, 14) to the rate -of - flow 
adjusting pipe (17 to 19, 30) for free passage. 
[Claim 2] A heat exchanger for performing heat exchange between 
the fluid and external fluid passing through outside of the 
tubes 11, provided with tubes (11) for allowing fluid flow, 
tanks (13, 14) for collecting and distributing the fluid at 
both ends of these tubes (11) , and connection units (15, 16) 
which are connected to an external pipe for guiding the fluid, 
which are installed to these tanks (13, 14), for connecting 
the tanks (13, 14) with the external pipe, comprising: a 
cylindrical rate-of-flow adjusting pipe (20) extending from 
the connection units (15, 16) to the tanks (13, 14), wherein 
the cylindrical rate-of-flow adjusting pipe (20) has an opening 
201 which is cut aslant against the flow direction of the 
rate-of-flow adjusting pipe (20) . 

[Claim 3] The heat exchanger according to claim 1 or 2 , wherein 
the rate-of-flow adjusting pipe (30) is separately formed from 
the connection units (15, 16), and is inserted in and fixed 
to the connection units (15, 16) . 

[Claim 4] The heat exchanger according to claim 3, wherein the 
connection units (15, 16) having converging section (151, 161) 
in which passage area reduces from the external pipe to the 
tanks (13, 14), wherein the rate-of - flow adjusting pipe (30) 
which includes a first positioning part (303) that contacts 
inner wall surface of the converging units (151, 161) and a 
second positioning part (3 05) that engages with an. ends (152, 
162) along the side of the tanks (13, 14) in the connection 
units ( 15 , 16 ) . 

[Claim 5] A heat exchanger for performing heat exchange between 
the fluid and external fluid passing through outside of the 
tubes 11, provided with tubes (11) for allowing fluid flow, 
tanks (13, 14) for collecting and distributing the fluid at 
both ends of these tubes (11) , and connection units (15, 16) 
which are connected to an external pipe for guiding the fluid, 
which are installed to these tanks (13, 14), for connecting 



the tanks (13, 14) with the external pipe, comprising: a 
sound- absorbing material (26) for absorbing sound waver energy 
generated at the tanks (13, 14) is covering an inner wall of 
the tanks (13, 14) . 

[Claim 6] A heat exchanger for performing heat exchange between 
the fluid and external fluid passing throiigh outside of the 
tubes 11, provided with tubes (11) for allowing fluid flow, 
tanks (13, 14) for collecting and distributing the fluid at 
both ends of these tubes (11) , and connection units (15, 16) 
which are connected to an external pipe for guiding the fluid, 
which are installed to these tanks (13, 14), for connecting 
the tanks (13, 14) with the external pipe , comprising: insulators 

(21 to 24) made to reflect a sound wave generated at the tanks 

(13, 14) is covering an inner wall of the tanks (13, 14). 

[Claim 7] The heat exchanger according to claim 6, wherein the 
insulator (23) has a plurality of heights (231) which project 
toward the tanks (13, 14) . 

[Claim 8] The heat exchanger according to claim 6 or 7 , further 
comprising an elastic member (25) which decreases vibration 
transmission between the insulator (24) and the tanks (13, 14), 
which is disposed in between the insulator (24) and walls of 
the tanks (13 , 14) . 

[Claim 9] The heat exchanger according to claim 6 or 8 , further 
comprising a sound-absorbing material (26) for absorbing energy 
of a sound wave generated inside the tanks (13 , 14) in the inner 
surface side of the insulator (24) . 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] The present invention relates to the 
heat exchanger for performing heat exchange of the fluid which 
passes the inside and outside of a tube . For example , thepresent 
invention is suitable for the heater core and refrigerant 
evaporator of the air-conditioner in vehicles. 
[0002] 

[Description of the Prior Art] The heater core (heat exchanger) 
of the conventional air-conditioner in vehicles, as shown in 
Fig. 16, the flat tubes 101 having hot water passages inside 
are arranged in parallel. The corrugated panel- like outer fin 



102 is joined between the adjoining tubes 101, and the inlet 
tank 103 and the exit tanks 104 are used as the collective part 
of warm water which are arranged at the both sides of the tubes 
101 . 

[0003] The cooling water (warm water) of the vehicle engine 
which is not illustrated flows into the inlet tank 103 from 
the inlet pipe 105, which result in the outlet pipe 106 via 
the tube 101 and the exit tanks 104 to be flown through the 
inside of the tube 101. Then, the heat exchange is performed 
between the hot water flowing inside the tube 101 and the air 
for air conditioning (fluid) flowing outside of the warm water 

(fluid) and the tube 101. 

[0004] 

[Problem (s) to be Solved by the Invention] However, in the 
above-mentioned heater core, when the warm water flows into 
the inlet tank 103 from the inlet pipe 105, the rate of flow 
falls rapidly by the huge expansion of a passage area. When 
the warm water flows into the outlet pipe 10 6 from the exit 
tanks 104 , the rate of flow goes up rapidly by the rapid decrease 
of the passage area. 

[0005] And, when the air bubbles 107 in the warm water receives 
rapid pressure variation in the place where the rate of flow 
changes rapidly, breaking and deforming of the air bubbles 107 
arise, an impulse-like sound wave occurs , the sound wave arrives 
at the tanks 103 and 104, and the tanks 10 3 and 104 are excited. 
For saving weight , the tanks 103 and 104 are made of thin aluminum 
of about 1 mm and generally have planer surfaces. Such that 
their rigidity was low, and they tend to get excited easily. 
Therefore, there was a problem that the vibration spreads to 
the whole heater core, and a radiating sound (strange noise) 
occurred. 

[0006] The present invention is directed to provide a heat 
exchanger provided with the tank for collecting and distributing 
of fluid to both ends of the tubes, and aims to decrease the 
strange noise based on breaking and deforming of the air bubbles . 

[0007] 

[Means for Solving the Problem] In order to attain the 
above-mentioned purpose, according to the claim 1 of present 



invention, a heat exchanger for performing heat exchange between 
the fluid and external fluid passing through outside of the 
tubes 11, provided with tubes (11) for allowing fluid flow, 
tanks (13, 14) for collecting and distributing the fluid at 
both ends of these tubes (11) , and connection units (15, 16) 
which are connected to an external pipe for guiding the fluid, 
which are installed to these tanks (13, 14), for connecting 
the tanks (13, 14) with the external pipe, which comprises: 
a cylindrical rate-of -f lowadjustingpipe (17 to 19, 30) extended 
from the connection units (15, 16) to the tanks (13, 14) , wherein 
the rate-of -flow adjusting pipe (17 to 19, 30) includes holes 
(171, 181, 191, 304) that are arranged in accordance with a 
direction of fluid passage in the rate-of-f low adjusting pipe 
(17 to 19, 30), and connect the tanks (13, 14) to the rate-of -flow 
adjusting pipe (17 to 19, 30) for free passage. 
[0008 J According to this invention, when the rate-of- flow 
adjusting pipe (18, 19, 30) is mounted to the exit tank (14) 
side, the fluid surpasses through the numerous holes (181, 191, 
3 04) arranged along a direction of fluid flow inside the 
rate-of-flow adjusting pipe (17 to 19, 30) and successively 
flow into the rate-of -flow adjusting pipe (18, 19, 30) . Amount 
of fluid flow flowing inside the rate-of-flow adjusting pipe 
(18, 19, 3 0) gradually increases towards the connection part 
(16) . The rate of fluid flow inside the rate-of-flow adjusting 
pipe (18, 19, 30) also increases gradually. On the other hand, 
when the rate-of-flow adjusting pipe (17, 30) is mounted to 
the inlet tank (13) side, the rate of flow inside the rate-of - flow 
adjusting pipe (17, 30) decreases gradually. 

[0009] According to this invention, the rate-of-flow change 
of a fluid between the connection part (15, 16) and the tank 
(13, 14) can be made smooth by the rate-of-flow adjusting pipe 
(20) . Breaking and deforming of air bubbles in the fluid can 
be reduced. Generation of the impulse- like sound wave can be 
suppressed. Generation of a strange noise accompanying the 
vibration of a tank (13, 14) by the sound waves can be decreased . 
[0010] According to the claim 2 of the present invention, a 
heat exchanger for performing heat exchange between the fluid 
and external fluid passing through outside of the tubes 11, 



provided with tubes (11) for allowing fluid flow, tanks (13, 
14) for collecting and distributing the fluid at both ends of 
these tubes (11) , and connection units (15, 16) which are 
connected to an external pipe for guiding the fluid, which are 
installed to these tanks (13, 14), for connecting the tanks 
(13, 14) with the external pipe, comprising: a cylindrical 
rate-of -flow adjusting pipe (20) extending from the connection 
units (15, 16) to the tanks (13, 14) , wherein the cylindrical 
rate-of-flow adjusting pipe (20) has an opening 201 which is 
cut aslant against the flow direction of the rate-of-flow 
adjusting pipe (20) . 

[0011] According to this invention, an opening (201) of the 
rate-of -flow adjusting pipe (20) is cut aslant to the direction 
of a fluid passage when the rate-of-flow adjusting pipe (20) 
has been arranged to the exit -tanks (14) side, for example. 
A fluid flows successively to the rate-of-flow adjusting pipe 

(2 0) from an opening (2 01) which became long and slender in 
the direction of a fluid passage. A flow of flowing fluid 
increases gradually inside of the rate-of-flow adjusting pipe 

(20) toward a terminal area (16) . The rate of flow of a fluid 
within the rate-of-flow adjusting pipe (20) also goes up 
gradually. 

[0012] Therefore, similar to the invention of claim 1, the 
rate-of-flow change of a fluid can be made smooth by the 
rate-of-flow adjusting pipe (20) , and generating of a strange 
noise accompanying the vibration of a tank (13 , 14) by the sound 
waves can be decreased. Structure of the rate-of-flow 
adjusting pipe (20) can be simple (that is, processing of the 
holes 171, 181, and 191 of the inventionof claim lis unnecessary) , 
and implementation at a low cost is possible. 

[0013] According to the claim 3 of the present invention, the 
heat exchanger which includes the rate-of-flow adjusting pipe 

(30) is separately formed from the connection units (15, 16) , 
and is inserted in and fixed to the connection units (15, 16) . 

In this way, the rate-of-flow adjusting pipe (30) can be made 

from resin for molding, and implementation at low cost is 
possible . 

[0014] According to the claim 4 of the present invention, the 



first positioning part (303) that contacts internal planes of 
the connection units (15, 16) having converging sections (151, 

161) in which passage area reduces from the external pipe to 
the tanks (13, 14) , wherein the rate-of-flow adjusting pipe 
(30) which includes a. first positioning part (303) that contacts 
inner wall surface of the converging units (151, 161) and a 
second positioning part (305) that engages with an ends (152, 

162) along the side of the tanks (13, 14) in the connection 
units ( 15 , 16 ) . 

[0015] According to the claim 5 of the present invention, a 
heat exchanger for performing heat exchange between the fluid 
and external fluid passing through outside of the tubes 11, 
provided with tubes (11) for allowing fluid flow, tanks (13, 
14) for collecting and distributing the fluid at both ends of 
these tubes (11), comprising: a sound-absorbing material (26) 
for absorbing sound waver energy generated at the tanks (13, 
14) is covering an inner wall of the tanks (13, 14) . 
[0016] According to this invention, the sound wave energy of 
generated according to breaking and deforming of air bubbles 
is absorbed (attenuated) by a sound- absorbing material (2 6) . 
Excitation of a tank (13, 14) by the soundwaves can be controlled, 
therefore, generating of a strange noise accompanying the 
vibration of a tank (13, 14) by a sound wave can be decreased. 
[0017] According to the claims 6 to 9 of the present invention, 
a heat exchanger for performing heat exchange between the fluid 
and external fluid passing through outside of the tubes 11, 
provided with tubes (11) for allowing fluid flow, tanks (13, 
14) for collecting and distributing the fluid at both ends of 
these tubes (11) , comprising: insulators (21 to 24) made to 
reflect a sound wave generated at the tanks (13, 14) is covering 
an inner wall of the tanks (13, 14) . 

[0018] According to this invention, before a sound wave generated 
according to breaking and deforming of air bubbles arrives at 
a tank (13, 14) , it is reflected by insulator (21 to 24) , and 
a reflected sound wave is gradually attenuated in a tank (13, 
14) . Therefore, generating of a strange noise accompanying the 
vibration of a tank (13, 14) by a sound wave can be decreased. 

[0019] According to the claim 7 of the present invention, the 



heat exchanger includes the insialator (23) which has a plurality 
of heights (231) which project toward the tanks (13, 14). 
[0020] According to this invention, a sound wave collides with 
a projection (231) , scatter reflection is carried out in the 
various directions , and the reflected waves or a reflected wave 
and the next sound wave interfere with each other, and is 
decreased. Therefore, a strange noise can be decreased 
further . 

[0021] According to the claim 8 of the present invention, the 
heat exchanger further comprises an elastic member (25) which 
decreases vibration transmission between the insulator (24) 
and the tanks (13, 14) , which is disposed in between the insulator 
(24) and walls of the tanks (13, 14) . 

[0022] According to this invention, vibration of an insulator 
(24) excited by a sound wave is absorbed by elastic deformation 
of the elastic member (25) , and vibration transmission from 
the insulator (24) to the tank (13, 14) is prevented. Therefore, 
a tank (13, 14) can be certainly prevented from being excited 
by the sound waves, and a strange noise is decreased further. 
[0023] According to the claim 9 of the present invention, the 
heat exchanger further comprises a sound- absorbing material 
(26) for absorbing energy of a sound wave generated inside the 
tanks (13, 14) in the inner surface side of the insulator (24) . 
[0024] According to this invention, sound wave energy is 
absorbed by a sound- absorbing material (26) , and a sound wave 
which passed through the sound- absorbing material (26) is 
reflected by the insulator (24) , and the sound wave energy is 
again absorbedby the sound-absorbingmaterial (26) . Therefore, 
excitation of a tank (13, 14) by the soundwaves can be decreased 
substantially, and generating of strange noise can be decreased 
substantially. 

[0025] Reference numerals in the above-mentioned parenthesis 
show a relation with specific means given in the embodiments 
described later. 

[0026] 

[Embodiment of the Invent ion] Hereafter , the embodiments of the 
present invention shown in the drawings will be described. 
(First embodiment) Figs . 1 to 3 illustrates the first embodiment 



of the present invention. It shows an example which applied 
the present invention to a heater core (a heat exchanger for 
heating) 1 used for the hot water type heater of the 
air-conditioner in vehicles. 

[0027] In Fig. 1, cooling water (warm water) of the engine 2 
circulates through the heater core 1 and the radiator 4 with 
the water pump 3 driven by the water cooled engine 2 for running 
vehicle. Within the hot water circulation which pours warm 
water to the heater core 1, the water valve 5 which adjusts 
the quantity of the warm water which flows into the heater core 

I is formed. The heater core 1 heats blowing air by carrying 
out heat exchange of warm water and the blowing air . The radiator 
4 cools engine cooling water by carrying out heat exchange with 
the air. 

[0028] In Figs. 2 and 3, many flat tubes 11 with the passage 
111 of warm water (fluid) are arranged in parallel inside the 
heater core 1 . Acorrugatedpanel-Iike outer fin 12 is connected 
to the heater core 1 in between the adjoining tubes 11. The 
heat exchange is carried out between the warm water which flows 
through the passage 111 in the tube 11 and the blowing air for 
air conditioning which flows through the exterior of the tube 
11 . 

[0029] At one end (lower part of Fig. 2) of the tubes 11, there 
is a rectangular inlet tank 13 which distributes warm water 
to the tubes 11 is disposed. At the other end of the tubes 

II (upper part of Fig. 2) , there is a rectangular exit tank 
14 which gathers the warm water from the tubes 11 is disposed. 
[0030] The cylindrical inlet pipe (terminal area) 15 by which 
piping which leads the warm water from the water valve 5 (not 
illustrated) is connected and disposed to the side attachment 
wall 131 of the end of the inlet tank 13. The inlet pipe 15 
is joined to the inlet tank 13 with the converging section 151 
to which the passage area is reduced. The cylindrical outlet 
pipe (terminal area) 16 by which piping which leads warm water 
to the water pump 3 (not illustrated) is connected and disposed 
to the side attachment wall 141 of the end of the exit tanks 
14 on the other hand. The outlet pipe 16 is joined to the exit 
tanks 14 with the converging section 161 to which the passage 



area is reduced. 

[0031] Inside the inlet tank 13, the inlet pipe 15 and the 
cylindrical inlet adjusting pipe (the rate-of -flow adjusting 
pipe) 17 are installed as one body. The inlet adjusting pipe 

17 has been extended from one end of the inlet tank 3 (the side 
attachment wall 131) to the other end (the side attachment wall 
132) of the inlet tank 3. Along a lengthwise direction of the 
inlet adjusting pipe 17 (longitudinal direction of Fig. 3) of 
the adjusting pipe 17, there are many holes 171 of about 1 mm 
in diameter which are formed throughout the whole area. A 
circulation path 172 inside the inlet adjusting pipe 17 has 
a constant passage area, and opens to the inside of the inlet 
tank 13 via the holes 171. 

[0032] Inside of the exit tanks 14, the outlet pipe 16 and the 
cylindrical exit adjusting pipe (the rate-of ~ flow adjusting 
pipe) 18 are installed as one body. The exit adjusting pipe 

18 has been extended from one end of the exit tank 14 (the side 
attachment wall 142) to the other end of the exit tank 14 (the 
side attachment wall 141) . Along a lengthwise direction of 
the exit adjusting pipe 18 (the longitudinal direction 
(longitudinal direction of Fig. 3) of the adjusting pipe 18, 
there are many holes 181 of about 1 mm in diameter which are 
mostly formed throughout the whole area. A circulation path 
182 inside the exit adjusting pipe 18 has a constant passage 
area, and opens to the inside of the exit tanks 14 via the holes 
181 . 

[0033] All of the parts that constitute the above-mentioned 
heater core 1 are the products made from aluminum, and among 
them there is a part made from clad plate consisting of wax 
material layer with aluminum core . Each component of the heater 
core 1 is joined as one body by soldering. A board thickness 
of the components are as follows: the tube 11 is about 0.25 
mm, the outer fin 12 is about 0.05 mm, and each tanks 13 and 
14 are about 1 mm, the inlet/exit pipes 15 and 16, and the 
inlet/exit adjusting pipes 17 and 18 are about 1 mm. 

[0 034] Next, the operation of the heater core 1 at above 
configuration will be described. 

[0035] The cooling water (warm water) of the engine 2 through 



which it circulates by the water pump 3 ends up in the inlet 
pipe 15 of the heater core 1 via the water valve 5. Within 
the heater core 1, warm water flows to the circulation path 
172 of the inlet adjusting pipe 17 from the inlet pipe 15, and 
flows into the inlet tank 13 via the holes 171. When the warm 
water which flowed into the inlet tank 13 flows into the exit 
tanks 14 through the passages 111 inside the tubes 11, while 
passing through the tubes 11, heat exchange is carried out with 
the blowing passing through the outside of the tubes 11 so that 
the blowing air is heated up. The warm water which flowed to 
the exit tanks 14 flows to the circulation path 182 via the 
holes 181 of the exit adjusting pipe 18, and ends up in the 
exit pipe 16. Then, it is returned to the inlet side of the 
water pump 3 from the outlet pipe 16. 

[0036] Next, the rate-of-flow change of the warm water flow 
from the inlet pipe 15 to the inlet tank 13 is described. In 
the hot water inlet side, the rate of flow of the warm water 
will become maximum at the converging section 151 having the 
smallest passage area. Since the warm water flows out 
successively in the inlet tank 13 via the holes 171 which are 
formed alongside a warm water flow A of the circulation path 
172 when warm water flows through the circulation path 172 of 
the inlet adjusting pipe 17, so that the flow of the warm water 
which flows through the circulationpath 172 decreases gradually 
toward the tip side (left-hand side of Fig. 3) of the warm water 
flow A, and the rate of flow of the warm water in the circulation 
path 172 also falls gradually. 

[0037] Thus, by gently reducing the rate of flow of the warm 
water from the inlet pipe 15 to the inlet tank 13 , the air bubbles 
in the warm water are prevented from breaking and deforming 
to some extent . Also, generationof an impulse-like soundwaves 
can be suppressed. Therefore, generation of the strange noise 
accompanying the vibration of the inlet tank 13 by a sound wave 
can be reduced. 

[0038] On the other hand, the rate-of-flow change of the warm 
water from the exit tanks 14 to the outlet pipe 16 is described. 
Since the warm water flows successively in the circulation path 
182 from the exit tanks 14 via the holes 181 which are formed 



alongside a warm water flow B of the circulation path 182 of 
the exit adjusting pipe 18. The flow of the warm water which 
flows through the inside of the circulation path 182 increases 
gradually toward the tip side (right-hand side of Fig. 3) of 
warm water flow B, and the rate of flow of the warm water in 
the circulation path 182 also goes up gradually. The rate of 
flow of warm water becomes the maximum with the converging 
section 161. 

[003 9] Thus, by gently raising the rate of flow of the warm 
water from the exit tanks 14 to the outlet pipe 16, the air 
bubbles in the warm water are prevented from breaking and 
deforming to some extent . Also, generation of an impulse- like 
sound wave can be suppressed. Therefore, generation of the 
strange noise accompanying the vibration of the exit tanks 14 
and it by a sound wave can be reduced. 

[0040] Herein, the rate-of- flow change in the circulation paths 
172 and 182 can be set as desired by appropriately changing 
the size, number, arrangement of the holes 171 and 181. 

[0 041] In the above embodiment, although the adjusting pipes 

17 and 18 are formed in both the inlet tank 13 and the exit 
tanks 14, because the way in which the strange noises are 
generated are different depending on the shape and capacity 
of the tank and other conditions, the adjusting pipes 17 and 

18 may be formed to either one of the inlet tank 13 and the 
exit tanks 14 as required. 

[0042] If the sizes of the inlet tank 13 and the exit tanks 
14 are small in above andbelow direct ions of Fig. 3, the adjusting 
pipes 17 and 18 may also be made thin into a flat shape which 
is widened in a direction perpendicular to a sheet surface of 
Fig. 3. 

(Second embodiment) The second embodiment shown in Fig. 4 is 
described. In this embodiment, a length of the adjusting pipe 

19 whereas the adjusting pipes 17 and 18 and the tanks 13 and 
14 the same in the first embodiment. 

[0043] The adjusting pipe 19 and the outlet pipe 16 are formed 
as one body. The exist tank 14 is about 2 50 mm in length. The 
adjusting pipe 19 is set to about 50 mm in length. Two or more 
holes 191 of about 8 mm in diameter are formed in the adjusting 



pipe 19, and these holes 191 are formed in two rows in accordance 
with the warm water flow which flows through the circiilation 
path 192 inside the adjusting pipe 19. The circulation path 

192 and exit tanks 14 inside are opened for free passage by 
these holes 191, and the circulation path 192 and exit tanks 
14 inside are further opened for free passage also by the opening 

193 at the tip of the adjusting pipe 19. 

[0044] In above configuration, the rate-of -f low change of the 
warm water from the exit tanks 14 to the outlet pipe 16 is described . 
At first, a part of the warm water flown in from the exit tank 
14 flows from the opening 193 to the circulation path 192 , towards 
the outlet pipe 16. Since the warm water flown out from the 
holes 191 converges successively to the warm water flow B 
starting from the opening 193 , therefore, flow of the warm water 
flowing through the circulation path 192 increases gradually 
from the opening 193 to the outlet pipe 16, accompanied by a 
gradual increase in the rate of warm water flow in the circulation 
path 192 . The rate of flow of warm water becomes the maximum 
at the converging section 161. 

[0045] Therefore, just like the first embodiment , the air bubbles 
are prevented from breaking and deforming to some extent in 
this embodiment, and an strange noise can be decreased. Also, 
since the adjusting pipe 19 is shorter than that of the first 
embodiment , it is advantageous in aspect of attachment property . 

[0 046] Further, in this embodiment , although the adj usting pipe 
19 was formed only in the exit tanks 14, the adjusting pipe 
19 maybe formed only in the inlet tank 13, and it maybe provided 
to both the inlet tank 13 and the exit tanks 14. Furthermore, 
the adjusting pipe 19 may have a cylindrical shape, or it may 
be made thinly into a flat shape which is broadened in the 
perpendicular direction of Fig. 4. Also, the holes 191 may 
be formed in three or more rows in accordance with the warm 
water flow which flows through the circulation path 192 . 

(Third embodiment) The third embodiment shown in Fig. 5 will 
be described. In the above embodiments, adjiastment of the rate 
of flow of warm water is made possible by the holes 171, 181, 
and 191 formed on the adjusting pipes 17, 18, and 19, however, 
in the present embodiment, and adjustment of the rate of flow 



of warm water is made possible by making an opening 201 of the 
end of the adjusting pipe 20 aslant. 

[0 04 7] The adjusting pipe 2 0 and the outlet pipe 16 are formed 
as one body. The adjusting pipe 2 0 is set to about 50 mm in 
length. The exit tanks are set to about 2 50 mm in length. The 
tip of the adjusting pipe 2 0 is cut aslant to the longitudinal 
direction of this adjusting pipe 20. The opening 201 is made 
into a long and slender shape . The opening 201 is open towards 
the tube 11 side. Further, a reference numeral 2 02 denotes 
a circulation path formed inside of the adjusting pipe 20. 

[0048] In the above configuration, the rate -of -flow change of 
the warm water from the exit tanks 14 to the outlet pipe 16 
is described. At first, some warm water flown into the exit 
tanks 14 flows into the circiilation path 2 02 from the opening 
201, and it comes out as the warm water flow B toward the mouth 
pipe 16. Since the opening 201 has the long and slender shape 
in the directionof warm water f lowB, the warm water successively 
converges from the opening 201 to warm water flow B. The flow 
of the warm water flowing through the circulation path 2 02 
increases gradually toward the outlet pipe 16, and the rate 
of flow of the warm water at the circulation path 2 02 also goes 
up gradually. The rate of warm water flow becomes the maximum 
at the converging section 161. 

[0049] Therefore, also in the present embodiment, breaking and 
deforming of the air bubbles can be lessened just like the first 
embodiment, and the strange noise can be decreased. Moreover, 
the structure of the adjusting pipe 20 is simple so that the 
holes 171, 181, and 191 formed in the second embodiment is 
unnecessary, making it possible to implement at a low cost. 
[0050] In this embodiment, although the adjusting pipe 20 was 
formed only in the exit tanks 14, the adjusting pipe 20 may 
be formed only in the inlet tank 13, and. it may be provided 
at both the inlet tank 13 and the exit tanks 14 . The adjusting 
pipe 2 0 may have a cylindrical shape, or it may be made thinly 
into a flat shape which is broadened in the perpendicular 
direction of Fig. 5. Although the opening 201 is open towards 
the tube 11 side, the same effect is acquired even if the direction 
of the opening 201 is facing an upper part of Fig. 5, or a 



perpendicular direction of Fig. 5. 

(Fourth embodiment) Fourth embodiment shown by Figs. 6 to 9 
is described next. In the above embodiments, the adjusting 
pipes 17 to 20 are formed together to the inlet pipe 15 or outlet 
pipe 16. However, in the present embodiment, the adjusting 
pipe 30 is formed separately. 

[0051] As shown in Fig. 6, the inlet pipe 15 and the outlet 
pipe 16 of the present embodiment are joined to the tanks 13 
and 14 by soldering the tank side cylinder parts 152 and 162 
fitted into the attachment hole of the side attachment walls 
131 and 141 of the tanks 13 and 14. 

[0052] As shown in Figs. 6 to 9, the adjusting pipe (the 
rate-of-f low adjusting pipe) 30 has a cylinder part 301 which 
is flat in cross section. A base 302 is formed at one end side 
of this cylinder part 301, and the limb (positioning part) 303 
of approximately conical shape is formed in the other end side 
of the cylinder part 301. The holes 304 with a diameter of 
about 1-2 mm which opens the inside of a tank and the cylinder 
part 301 for free passage is formed in the cylinder part 301 
and base 3 02 . The heights (positioning part) 3 05 which engage 
with the ends of the tank side cylinder parts 152 and 162 of 
the inlet pipe 15 and the outlet pipe 16 of Fig. 7, are formed 
at four places of four directions in the peripheral part of 
the cylinder part 301 . The height 3 05 readily changes its shape 
when a power acts toward the inner direction. The height 3 05 
will return to its original position, when an external force 
stops acting. 

[0053] The adjusting pipe 30 consists of a resin having a high 
heat resistance, water resisting property, and flexibility. 
The cross section of the cylinder part 3 01 has the same shape 
as the tank side cylinder parts 152 and 162 of the inlet pipe 
15 and the outlet pipe 16. Moreover, as for their sizes, the 
cylinder part 3 01 is made attachable to the inlet pipe 15 and 
the outlet pipe 16, and a gap between the tank side cylinder 
parts 152 and 162 and the cylinder part 301 is set small as 
much as possible. 

[0054] The above-mentioned adjusting pipe 30 is- inserted from 
the end (right-hand side of Fig. 6) of the inlet pipe 15 and 



the outlet pipe 16 . It is pushed in until the limb 303 contacts 
the internal surface of the converging sections 151 and 161. 
Then, the height 305 engages with the end of the tank side cylinder 
parts 152 and, 162. Thereby, while the positioning of the 
adjusting pipe 30 against the inlet pipe 15 and outlet pipe 
16 is fixed, the cylinder part 301 and the base 302 project 
in the tank 13 and 14 from the inlet pipe 15 and. the outlet 
pipe 16 . 

[0055] According to this embodiment, the warm water from the 
inlet pipe 15 successively flows out to the inlet tank 13 through 
the formed holes 3 02, therefore, the rate of flow of the warm 
water, from the inlet pipe 15 to the inlet tank 13 , can be reduced 
gently. On the other hand, since the warm water of the exit 
tanks 14 successively flows out to the adjusting pipe 3 0 via 
the formed hole 3 04, therefore, amount of warm water flow that 
flows through the adjusting pipe 3 0 can increase gradually toward 
the end (right-hand side of Fig. 6) of the warm water flow B, 
and the rate of warm water flow, from the exit tank 14 to the 
exit pipe 16, can be reduced, gently . Therefore, in the present 
embodiment, air bubbles are prevented from breaking and 
deforming as much as possible just like the first embodiment, 
and an strange noise can be decreased. 

[0056] Fig. 10 illustrates the compared result for soundpressure 
level by setting three lengths L of the cylindrical part 3 01 
of the present embodiment. The sizes of the main components 
of the heat exchanger used for this test are, namely; an extended 
length LI of the tank side cylinder parts 152 and 162 is 2mm, 
an inner length L2 of the tanks 13 and 14 is 2 5 0mm, a width 
B of the cylinder part 301 of the adjusting pipe 30 is 16.3 
mm, and a height H of the cylinder part 3 01 is 7.7 mm, a diameter 
d of the hole 3 04 is 1 mm. 

[0057] Referring to Fig. 10, the solid line a shows 
characteristics when the length of the cylindrical part 3 01 
is L = 14mm, the dashed dotted line b shows characteristics 
when L = 45 mm, the two-dot chain line c shows characteristics 
when L = 248 mm, and the dashed line d shows characteristics 
of the conventional heat exchanger that does not provide the 
adjusting pipe 30. As is apparent from Fig. 10, the sound 



pressure level can be reduced by mounting the adjusting pipe 
30, and, a drop in the volume pressure level is remarkable when 
the length L of the cylinder part 301 is longer. 
[0058] By the way, since the external piping will be connected 
to the inlet pipe 15 and the outlet pipe 16, such that these 
pipes must be strong in terms of strength. As described in 
the previoiis embodiments, when the adjusting pipes 17 to 20 
and the inlet pipe 15 or the outlet pipe 16 are formed as one 
body, this invites an extra process of cutting the adjusting 
pipe, which is likely to become more expensive. On the other 
hand, by forming the adjusting pipe 30 separately from the inlet 
pipe 15 and the outlet pipe 16 just as in the present embodiment, 
it is possible to mold the adjusting pipe 30 using resin for 
production at lower cost. 

[0059] Provided that the number of holes 304 on the cylindrical 
part 3 01 as n, and opening area of the holes 3 04 on the cylindrical 
part 3 01 as A, then nA > the passage area of the converging 
sections 151 and 161, so that an increase in the pipe inner 
pressure loss, due to installation of the adjusting pipe 30 
installation, can be avoided. 

[0060] Also, the adjusting pipe 30 may be made from a metal. 
Further, the adjusting pipe 3 0 may be formed at either one of 
the inlet tank 13 and the exit tanks 14 as required . Furthermore , 
the adjusting pipes 17 to 2 0 of the first to third embodiments 
may be formed separately from the inlet pipe 15 and the outlet 
pipe 16, just like the present embodiment. 

(Fifth, embodiment) The fifth embodiment shown in Figs. 11 and 
12 is described next. In the above embodiments, by lessening 
breaking and deforming of the air bubbles in the warm water 
of the adjusting pipes 17 to 20 and 30, strange noise is reduced 
by suppressing an impulse- like sound wave from being generated . 
However, in the present embodiment, insulators 21 and 2 2 that 
are made to reflect the sound wave suppresses the sound wave 
arriving to the tanks 13 and 14 , and the strange noise is reduced 
accordingly. 

[0061] The insulators 21 and 22 have the high reflectance of 
the sound waves, and consist of comparatively soft rubber (for 
example, silicone rubber) which has a strong heatproof and water 



resisting property. The insulator 21 in the inlet tank 13 is 
formed to have a horseshoe -shaped cross section, and covers 
the wall of the bottom 133 and the wall of the both side surf aces 
134 and 135 extending in the longitudinal direction of the tank 
13 . On the other hand, the insulator 22 in the exit tanks 14 
is also formed to have a horseshoe- shaped cross section, and 
covers the wall of the upper surface 143, and the wall of the 
both side surfaces 144 and 145 extending in the longitudinal 
direction of the tank 14. 

[0062] A manufacturing method of this heater core will be 
described brief ly. At first, the plates 136 and 146, the tube 
11, and the fin 12 which constitute a portion of the tank are 
soldered altogether. On the other hand, the insulators 21 and 
22 are adhered and fixed in position to the soldered components 

(that is, the tanks 13, 14 and the inlet/exist pipes 15 and 
16) by positioning means (not illustrated) . Then, the plates 
136 and 146 and each tanks 13 and 14 are unified by fastening, 
which are intervened by O- shaped rings 13 7 and 14 7. 

[0063] In the above-mentioned configuration, when the warm water 
flows from the inlet pipe 15 to the inlet tank 13, and when 
the warm water flows from the exit tanks 14 to the exit pipe 
16, the rate of flow changes suddenly and the air bubbles 107 
in the warm water receive rapid pressure variation, such that 
breaking and deforming of the air bubbles 10 7 arise to cause 
generation of an impulse-like sound wave. 

[0064] However, before the soundwave reaches each tank 13 and 
14, it is ref lectedby the insulators 21 and 22 , and the reflected 
sound wave is gradually decreased at each tank. 13 and 14. 
Therefore, it is possible to suppress by each tank 13 and 14 
vibrating by the sound wave, an strange noise is decreased. 

(Sixth, embodiment) The sixth embodiment shown in Fig. 13 will 
be described next. The present embodiment differs from the 
fifth embodiment in that a projection 231 was formed in the 
insulator 23 . This projection 231 is cylindrical in shape with 
1 . 5 mm in diameter , and 2 mm in height , which is prolonged toward 
the inlet tank 13 , and which is provided throughout the internal 
surf ace of the insulator 2 3 in the pitch of 2 . 5 mm between 
the projections 231. According to the above-mentioned 



configuration, just like the fifth embodiment, a sound wave 
is reflected by the insulator 23 before it reaches the inlet 
tank 13, so that vibration of the inlet tank 13 is suppressed 
by the sound wave . 

[0065] In this embodiment, a sound wave collides with the 
projection 231, and the reflection scatters in various 
directions, and the reflected waves, or new sound wave and the 
reflected waves interfere with one another and deteriorates. 
Therefore, an strange noise can be decreased further. A 
prismatic form may be sufficient as the shape of the projection 
231, except for a pillar. The insulator 23 may be formed only 
in the inlet tank 13 , and may be provided in both the inlet 
tank 13 and the exit tanks 14 . 

(Seventh embodiment) Seventh embodiment shown in Fig. 14 is 
described next. The insulator 24 of the present embodiment 
is made from a high density resin (for example, Nylon 66) or 
a metal (for example, lead) . Further, the present embodiment 
differs from the fifth embodiment in that the elastic member 
2 5 for the prevention from vibration transmission was formed 
in between the insulator 24 and the inlet tank 13. 

[0066] The elastic member 25 is composed of a metallic cotton 
constituted from a thin metal fiber, allowing easy deformation 
and return to its original shape, or a soft rubber. The elastic 
member 2 5 and. the insulator 24 are joined by adhesion. The 
elastic member 2 5 is extended in the longitudinal direction 
of the inlet tank 13. Two elastic members 25 are disposed at 
the base 133 of the inlet tank 13. One elastic member 25 is 
disposed at both side surfaces 134 and 135 of the tank 13. 

[0067] b In the above configuration, before the sound wave 
generated due to breaking and deforming of the air bubbles 
reaches the inlet tank 13, they are reflected by the insulator 
24, and the reflected sound waves gradually decrease within 
the inlet tank 13. Under the present circumstances, although 
the insulator 24 is excited by the sound wave, the inlet tank 
13 is prevented from the vibration transmission from the 
insulator 24 to the inlet tank 13, because the vibration of 
the insulator 24 is absorbed by the elastic deformation of the 
elastic member 25. Strange noise based on breaking and 



deforming of the air bubbles is decreased further. 
[0068] The insulator 24 and the elastic member 25 may be formed 
only in the inlet tank 13, or they may be provided in both the 
inlet tank 13 and the exit tanks 14. 

(Eighth embodiment) Eighth embodiment shown, in Fig. 15 is 
described next . It differs from the seventh embodiment in that 
the sound- absorbing material 26 of the present embodiment 
transforms sound energy into heat energy, and absorbs a sound. 
The sound-absorbing material 26 consists of a foamed rubber 
or a foamed resin with an open cell, and is joined to the inner 
surface side of the resin or the metal insulators 24 by adhesion . 

[0069] In the above configuration, at first, the sound waves 
generated due to breaking and deforming of air bubbles collide 
with the sound-absorbing material 26. And the sound wave 
invades in the open cell of the sound- absorbing material 26, 
and the sound energy is absorbed by transforming the sound energy 
into the heat energy by vibration and friction of the textiles 
of the sound- absorbing material 26. Some sound waves which 
passed the sound-absorbing material 26 are reflected by the 
insulator 24, and the energy of a sound wave is again absorbed 
with the sound- absorbing material 26. Therefore, the inlet 
tank 13 can be prevented from exciting by a sound wave. 

[0 070] Although, the light sound- absorbing material 2 6 is excited 
by a soundwave, the inlet tank 13 can be more certainly prevented 
from vibration of the sound-absorbing material 2 6 being reduced 
with the heavy insulator 24, and the vibration transmission 
to the inlet tank 13 being further prevented by the elastic 
member 25. Strange noise based on breaking and deforming of 
the air bubbles is decreased further. 

[0071] The insulator 24, the elastic member 25, and the 
sound- absorbing material 2 6 may be formed only in the inlet 
tank 13 , or they may be provided in both the inlet tank 13 and 
the exit tanks 14. 

[0072] It is also possible to abolish the insulator 24 and the 
elastic member 25, and to plan strange noise occurrence 
prevention only with the sound-absorbing material 26. In that 
case , the tank 13 and the tank 14 are pasted or the sound-absorbing 
material 26 is fixed by a proper positioning means. 



(Other embodiments) This invention is applicable to various 
heat exchangers, such as a refrigerant evaporator of the 
air-conditioner for vehicles, and not necessarily limited to 
the above heater core, for example. 

[0 073] Although the above embodiment showed the heater core 
of the one-way flow type where warm water flows through all 
the tubes 11 only into one way. The present invention is 
applicable also to the heater core having 2 sets of core parts 
that are arranged in parallel, and the warm water which passed 
the tube of one core part makes a U-turn, and flows into the 
tube of the core part of another side. 

[0074] The above embodiment is implemented by combining one 
heat exchanger (for example, the adjusting pipe of the first 
embodiment is formed in an inlet tank, and the adjusting pipe 
of the second embodiment is formed in exit tanks) . 

[0075] Although the insulators 21 to 24 made to reflect a sound 
wave are used in the fifth to seventh embodiments, however, 
instead of these insulators 21 to 24 , a sound-absorbing material 
which transforms the sound energy into the heat energy and 
absorbs a sound may be made the same shape as the insulators 
21 to 24. 

[Brief Description of the Drawings] 

[Fig. 1] An outline block diagram of the air-conditioner for 
vehicles which applied the heat exchanger in accordance with 
the first embodiment of the present invention. 

[Fig. 2] A perspective view showing a specific configuration 
of the heater core of Fig. 1. 

[Fig. 3] A sectional view of the heater core of Fig. 2. 

[Fig. 4] A sectional view of an essential part section showing 
the second embodiment of the present invention. 

[Fig. 5] A sectional view of the essential part showing the 
third embodiment of this invention. 

[Fig. 6] A sectional view of a heater core showing the fourth 
embodiment of the present invention. 

[Fig. 7] A perspective view of the adjusting pipe of Fig. 6. 
[Fig. 8] A front view of the adjusting pipe of Fig. 6. 
[Fig. 9] A side view of the adjusting pipe of Fig. 6. 



[Fig. 10] A characteristic diagram showing the sound pressure 
level of the heater core of Fig. 6, and the conventional heater 
core . 

[Fig. 11] A sectional view of a heater core showing the fifth 
embodiment of the present invention. 

[Fig. 12] An expanded sectional view C-C of Fig. 11. 
[Fig. 13] A sectional view of an essential part showing the 
sixth embodiment of the present invention. 

[Fig. 14] A sectional view of an essential part showing the 
seventh embodiment of the present invention. 

[Fig. 15] A sectional view of an essential part showing the 
eighth embodiment of the present invention. 

[Fig. 16] A sectional view of the conventional heater core. 
[Description of Notations] 

Tube 11 , tanks 13 and 14 , connection units 15 and 16 , rate-of-flow 
adjusting pipes 17 to 20 , 30, insulators 2 1 to 24 , elastic member 
25, a sound-absorbing material 26, holes 171, 181, 191, and 
304, opening 201, projection 231 



